Introduction: Clinical bedside point-of-care ultrasonography (POCUS) is an important adjunct to history and physical examination. The objective of this pilot survey is to assess the level of exposure, perceptions, interest levels and possible barriers toward training of POCUS in internal medicine. Methods: In October 2015, all medical doctors who were working in the Singapore General Hospital Internal Medicine Department were invited to complete a hard-copy printed 27-question Likert-scale survey. Results: A total of 124 medical doctors participated in the survey (response rate 82.1%). The proportions of participants who have heard, witnessed, and performed POCUS were 65.6% (N = 82), 71.2% (N = 89) and 41.6% (N = 52), respectively. POCUS was rated highly on usefulness in the practice of internal medicine (M = 8.74; SD = 1.34). The top three POCUS skills that doctors would like to acquire would be (1) procedural guidance POCUS (70.8%); (2) point-of-care cardiac ultrasound (69%) and (3) lung ultrasound 58.4% (based on percentage ranked first through third). The sample mean of interest in undergoing further training in POCUS is 8.91 (SD = 1.27) (0 = not interested, 10 = very interested). The top three barriers identified were (1) lack of an ultrasound machine (M = 7.98 SD = 2.28); (2) cost of an ultrasound machine (M = 7.79 SD = 2.19) and (3) lack of a formal training curriculum (M = 7.25 SD = 2.08) (0 = not a barrier at all, 10 = severe barrier). Conclusions: There is a high level of exposure and interest in POCUS. Doctors perceived bedside POCUS as very useful in the practice of internal medicine. A lack of machine and formal curriculum impedes development of a training program. This pilot survey may serve as a basic needs assessment to an implementation of an internal medicine POCUS training curriculum.
Introduction
Clinical bedside point-of-care ultrasonography (POCUS) is increasingly being recognized as an important adjunct to traditional history and physical examination. Bedside US has the potential to improve clinical diagnostic capability, improve patient safety and achieve the goals of cost effectiveness in clinical medicine. Accepted clinical uses of POCUS include evaluation of central venous pressure, [1] [2] [3] [4] cardiac function, 5, 6 pericardial effusions, 7 pleural effusions, 8, 9 pulmonary edema, 10 pneumothoraces 11 and ascites. 12 POCUS can improve patient safety by being used as image guidance for procedures. US use improves the safety and success of many other bedside procedures. These include placement of central venous catheters (CVCs), 13 insertion of arterial lines, 14 paracentesis, 15, 16 thoracentesis, 17, 18 arthrocentesis, 19 and the incision and drainage of superficial abscesses. 20 The Agency for Healthcare Research and Quality lists the "use of real-time ultrasound to place central venous lines" as one of its core safety measures, given adequate training on the part of the operator. Acute Medicine training in the United Kingdom (UK) lists bedside US as a core competency. The adaptation of POCUS has extended to medical undergraduate education. Medical schools have started to introduce US into their curricula. 21, 22 Multiple internal medicine (IM) residencies programs in the United States have their own bedside US training curricula. The Accreditation Council for Graduate Medical Education requires that IM residencies have facilities available for sonography but no mention is made of formal training requirements. Despite this, previous studies have shown that doctors of IM desire this training. 23 Although IM has been slow to integrate this technology into clinical practice, internists are starting to acknowledge the usefulness of bedside US in the practice of general medicine.
At this moment in time, relatively little is known about which US applications internists believe are the most useful, what US skills IM will need or barriers that exist to the teaching or use of US within IM. Prior experiences in other specialties have shown that conflicts with traditional imagers, 24 liability, 24 time constraints, [25] [26] [27] and credentialing requirements 24, 27 may be barriers to the teaching and use of POCUS.
In Singapore, there is no formal standardized training in bedside diagnostic and procedural US for the internist. There is no available literature assessing the current exposure, competency and interest of IM residents and internists with regards to bedside US for diagnostics and image-guided bedside procedures in Singapore. The primary objective of this pilot survey is to assess the level of exposure, perceptions and interest levels toward bedside US in IM.
A secondary objective of the survey is to assess perceived possible barriers to a training program.
Methods
Between October 2, 2015 and November 1, 2015, all medical doctors working in the Singapore General Hospital (SGH) Department of Internal Medicine were invited to complete a hard-copy printed 27-question Likert-scale survey to assess the level of exposure, perceptions, and interest levels to point-of-care bedside US. In addition, questions were asked about perceived possible barriers to a bedside US training program. Investigators derived questions via discussion after an extensive literature search on the topic with reference to surveys conducted in other similar needs analyses. An initial draft of the survey was created. The initial draft was circulated among a sample group of medical officers (two), senior residents (two) and consultants (two) for feedback via email. The draft underwent three revisions. Redundant and irrelevant questions were removed. Ambiguous phrasing was clarified. The draft survey was also sent to the program director (PD) of the Advanced IM program and underwent subsequent endorsement before being finalized.
The 27-question survey (see Appendix) included questions about participants' understanding of POCUS. Participants were asked if they had performed bedside US before and if they had obtained any form of formal or informal training. Participants were also asked how often they used POCUS currently. Participants indicated which aspects of POCUS they used in the course of clinical work and were asked to self-rate their competency. They also rated how useful bedside US was for diagnostic purposes and procedural guidance in IM on a Likert scale of 0-10 (0 = not useful, 10 = very useful). Participants were asked to rank which skills in bedside US they would like to learn first and also the amount of interest they had in bedside US using a Likert-scale survey (0 = not interest, 10 = interest). The survey also asked respondents to rate potential barriers to the implementation of point-of-care US curricula using a 10-point Likert scale (0 = no barrier, 10 = very large barrier) among a collection of barriers. For each barrier, an average score for all respondents was calculated and ranked.
Between October 2, 2015 and November 1, 2015, hard copies of the survey were administered to doctors during weekly department teaching. Participation in the survey was on a volunteer basis and all replies were anonymous. No identifiers were present on the survey document. Participants were encouraged to fully complete all questions in the survey. Department administrators and the investigating team were present to collect the survey forms after handing them out. Senior residents from each IM team also assisted in collecting the survey forms from junior doctors who needed more time to complete the survey later on. These forms were returned to the investigating team. Senior doctors who were not present at teaching were administered the survey by the department secretary. Secretaries of senior doctors handed the survey forms back to the investigating team when they were completed. All survey replies that fulfilled the responder criteria were analyzed. Non-responders were either doctors who completed less than 75% of the questions, decided not to participate in the survey or doctors who did not return the survey forms. There were no survey replies that had less than 75% of the questions completed.
Investigators analyzed the data with the Singhealth Biostatistics team. Data were analyzed using SPSS version 23. Descriptives and frequencies were used to describe the distribution (count, mean (M) and standard deviation (SD)) of the data collected. Chi-square tests were conducted to test for the significance in differences between groups. This study was exempted from review by the Singhealth Centralized Institutional Review Board (CIRB).
Results
A total of 125 medical doctors from Singapore General Hospital Department of Internal Medicine participated in the pilot survey. There were 152 IM doctors in the department (junior doctors N = 121, senior doctors N = 31) during the study period (October 2, 2015 and November 1, 2015). The net response rate was 82.1%. The mean average age of the participants was 28.2 years. The majority of responders (77.6% N = 97) were junior doctors (junior residents, medical officers and house officers), which reflected the demographic makeup of the department. A total of 19.8% (24/121) and 9.6% (3/31) of junior doctors and senior doctors respectively were non-responders.
Exposure
The proportions of participants who have heard, witnessed, and performed point-of-care bedside US were 65.6% (N = 82), 71.2% (N = 89) and 41.6% (N = 52), respectively (see Table 1 Sample Characteristics). A total of 43.1% (N = 53) of participants use POCUS in their clinical work, yet only 39.2% (N = 48) of participants had undergone some form of training/education in performing POCUS. About half of the participants (N = 65; 52.0%) had postings to critical care (CC)/emergency medicine before. A total of 39.2% of participants had undergone some form of training/education in performing POCUS. The top three most quoted forms of training were (1) bedside tutorials (N = 28), (2) practical course with demonstrations (N = 9) and (3) didactic lectures (N = 4). The rest of the responders had other forms of training via books and online resources.
A significantly higher proportion of doctors who had undergone a CC and/or emergency medicine posting knew what POCUS was compared to those who had not undergone those postings (84.6% vs 45.0% p ≤ 0.01). CC and emergency medicine posting as well as seniority were associated with increased rates of exposure and performance of point-of-care bedside US, and this was statistically significant (see Table 1 Sample Characteristics). A majority of participants, 57.6% (N = 72), thought they were incompetent in POCUS and only 10.4% (N = 13) of participants thought they were quite/very competent in POCUS. Participants were asked to rate the usefulness of the bedside US skills. The bedside US skills' usefulness was subsequently ranked. The top five bedside POCUS skills that were rated by participants as most useful (via Likert scale 0 = not useful, 10 = most useful) were US-guided CVC insertion (M = 8.69, SD = 1.52), abdominal focused assessment with sonography in trauma (FAST) POCUS (M = 8.37, SD = 1.66), bedside POCUS cardiac US (M =8.27, SD = 1.91), bedside bladder volume assessment (M = 8.23, SD = 1.68) and US-guided thoracentesis (M =8.17, SD = 1.62) (see Table 2 Usefulness of POCUS evaluation).
Perceptions
The top five ranked bedside US skills that medical doctors in IM departments would like to acquire proficiency in (based on percentage ranked first through third) would be (1) procedural guidance on bedside US (70.8%); (2) focused bedside echocardiography (69%); (3) lung US (58.4%); (4) abdominal FAST, hepatobiliary system (35.4%) and (5) vascular/deep vein thrombosis (DVT)/inferior vena cava (IVC) point-of-care US (34.4%) (See Table 3 Ranked POCUS Skill most desired to learn). All respondents felt that POCUS allowed procedures to be carried out more safely. Majority of respondents felt that POCUS would allow more accurate diagnosis and also rationalized the ordering of detailed radiological investigations.(See Table 4 Reasons for POCUS Use in Internal Medicine).
Interest
The sample mean (SD) of interest in undergoing further education and training in POCUS is 8.91 (SD = 1.27) (0 = not interested, 10 = very interested) (See Table 5 Interest in POCUS training and Education) and this interest was not significantly different when interest was stratified between seniors and junior doctors and between participants who had undergone an emergency medicine or CC posting. Even when the participants were polled on their interest level if they were to pay for their own training, the sample mean for interest was 6.02 (SD = 2.71) (0 = not interested, 10 = very interested). A majority of the participants (66.9%; N = 83) were willing to devote a maximum of only three hours per week to POCUS training or to maintain competency and preferred small portable machines (75.8%; N = 94) compared to pocket handheld (21.8% N = 27) or parked machine in the room (2.4% N = 3) for best efficiency. With regards to the number of supervised scans before being considered competent in bedside US modality, 31.5% (N = 39), 35.5% (N = 44) and 21% (N = 26) mentioned 10, 20 and 50, respectively as the minimum supervised accurate scans required before being considered competent.
Barriers
When participants were asked to evaluate the severity of barriers toward development of a point-of-care bedside US training program, the top five barriers identified by participants were (1) lack of a US machine (M = 7.98, SD = 2.28); (2) cost of a US machine (M = 7.79, SD = 2.19); (3) lack of formal training curriculum (M = 7.25, SD = 2.08); (4) time to train faculty member (M = 7.21, SD = 2.13) and (5) time to train learners (M = 6.99, SD = 1.92) (0 = not a barrier at all, 10 = severe barrier) (see Table 6 Barriers to POCUS teaching and learning). While both senior and junior doctors regarded a lack of a US machine and cost of a US machine as the top two barriers to a POCUS training program, senior doctors were more concerned about lack of a formal training curriculum (junior doctors 7.00 vs senior doctors 8.03 p < 0.05), a lack of mentors (junior doctors 6.58 vs senior doctors 7.78 p < 0.01) and a lack of formal accreditation (junior doctors 6.28 vs senior doctors 7.52 p < 0.01) (0 = not a barrier, 10 = severe barrier).
Discussion
The results of this pilot survey provided valuable insights into the degree of exposure, perceptions, interest levels and potential barriers to clinical point-of-care US among IM medical doctors in the institution.
Exposure
First, point-of-care bedside US is not novel to doctors in IM in Singapore. More than two-thirds of doctors in the department have heard about and witnessed POCUS being performed but in contrast only slightly half had performed bedside US before. Even less had any form of formal training and most of the training was conducted in the form of bedside tutorials rather than as part of a formal training program. The rest had received training through a variety of courses, web resources and books via their own self-learning initiative. This is not surprising. Point-of-care bedside US is not part of the IM residency teaching syllabus nor is it part of departmental teaching. Point-of-care bedside US is a formal curriculum only in the emergency medicine residency. There are courses in Singapore organized by Alexander Academy of Clinical and Emergency Ultrasonography (AACES) but there is no accreditation process for IM doctors to perform this skill. The fact that a high proportion of doctors pursue self-directed learning for POCUS is highly encouraging and signals that there is a demand for such training.
Second, the proportion of IM doctors who know about POCUS is significantly higher among doctors who had experience in CC and emergency medicine as POCUS is utilized in intensive care units (ICUs) and emergency medicine departments (EDs) in Singapore. The intensivist and emergency medicine physicians, both advocates for bedside US, may play an important role as trainers and curriculum developers in a novel IM POCUS program.
Third, the majority of participants think they are incompetent in POCUS. This reflects a lack of formal training. Despite this fact, slightly half of the participants indicated on the survey they had performed POCUS before. This is of concern. There are no data collected as to whether POCUS was performed supervised or unsupervised. The fact that a high proportion of IM doctors are performing POCUS and yet a majority feel incompetent in POCUS suggests that development of formal training is necessary.
Perceptions
Most IM doctors viewed POCUS positively. US-guided CVC insertion, focused cardiac echocardiography, abdominal FAST and imaged-guided thoracocentesis were rated as the most useful applications of POCUS. Although not all doctors had exposure to POCUS, they were overall fairly accurate in evaluating the most useful aspects of bedside US. Procedural bedside US was rated as the US skill most IM doctors wanted to learn first followed by focused cardiac echocardiography. As mentioned previously US has been proven to improve the safety of many other bedside procedures such as the placement of CVCs, 13 arterial lines, 14 paracentesis, 15, 16 thoracentesis, 17, 18 arthrocentesis, 19 and the incision and drainage of superficial abscesses. 23 The Agency for Healthcare Research and Quality lists the "use of real-time ultrasound to place central venous lines" as one of its core safety measures, given adequate training on the part of the operator. As part of the intervention to improve the safety and facilitate the training of bedside procedures, the University of California San 
Interest
The level of interest in undergoing further training in POCUS is very high. This is consistent with previous studies that concluded that interest in POCUS is very high among IM residents. 24 This interest extends even to medical students, although the response by medical students was not studied in our pilot survey. 25 The overall interest was still positive when asked if they were willing to fund their own training. Despite the high overall interest, it was difficult to agree what constitutes a fair amount of training and the number of scans to achieve competency. This is a relevant question as the quality of performance of bedside US varies by different training and achieving levels of competency requires repeated practice involving time and logistical cost. Training programs are divided on what constitutes sufficient training and differ in terms of their opinions on the proportion of time dedicated to knowledge acquisition, practical learning and supervised scanning. The American Medical Association states that each specialty should decide the needed training requirement to achieve competency. 26 The American Institute of Ultrasound in Medicine states that physicians performing diagnostic US should perform, evaluate, and interpret at least 300 sonograms. 27 The situation is made even more complex as this may differ by indication of sonography. For example, Brennan et al. found that four hours of didactics and 30 supervised sonograms were sufficient for residents to correctly assess inferior vena cava size. 4 In contrast, Vignon et al. 28 included a shorter program that consists of a three-hour training course and five hours of hands-on training for focused echocardiography for non-cardiology residents in the ICU. Clay et al. 29 conducted a bedside US one-day training program with one day of lectures and two one-hour practical sessions. In Singapore, POCUS is performed by intensivists, emergency physicians and anesthetists. Formal accreditation for performance of point-of-care emergency US is available for residents via the emergency medicine residency pathway. Respiratory physicians utilized POCUS for thoracocentesis and chest drainage insertion. Gastroenterologists utilized POCUS for abdominal paracentesis. Cardiologists performed focus echocardiography in urgent settings. Each sub-specialty decides what is needed for practice and integrates it into practice. IM shares similarities with emergency medicine with regards to the aim of point-of-care US. First, US in both specialties is used in a limited way to answer a specific clinical question from the history and physical examination of which the answer is important for immediate progress to the next step of management. Second, POCUS is seen as an adjunct to rather than a replacement for the physical examination. Last, POCUS is used to make bedside procedures safer. The Singhealth Emergency Medicine Residency Program accredits residents via the residency pathway. Residents require at least 25 supervised scans of the extended FAST, renal, gall bladder, emergency IVC, and DVT examination. Musculoskeletal US is also part of the training. Residents are referred resources and attend bedside tutorials. At the end of the residency, residents are expected to take an examination to test their knowledge. As such, a discussion with the local emergency medicine residency committee may be the first step to development of a POCUS curriculum to fit with the demands of the IM practice that is consistent with the views of the American Medical Association.
Barriers
At this moment in time, point-of-care US is not widely practiced or available for IM in Singapore. Increasingly, internists are recognizing the relevance of point-of-care US for diagnostics and daily practice. While point-of-care US is not part of the IM curriculum, some emergency physicians in Singapore offer introductory courses coupled with practical sessions for physicians. One example is the Basic Sonographic Integrated Care Course (BASIC). 30 Overseas, the American College of Physicians (ACP) has teamed up with the American Institute of Ultrasound in Medicine (AIUM) and the Society for Ultrasound in Medical Education (SUSME) to develop US continuing medical education (CME) opportunities to promote increased usage of US and provide access to quality training. Perhaps the low level of practice may reflect the significant barriers in the practice of point-of-care bedside US in Singapore. In this study, the most important barrier identified by participants in the practice of bedside US is the cost and availability of US machines. Handheld US machines easily cost at least S$10,000 and portable cart-based US machines may cost a minimum of S$50,000 to S$100,000. Cost is more than the price of the machine and will require inclusion of cost involved in training operators of bedside US. It appears that there is good understanding of the high-capital initial startup course of a point-of-care bedside US training program by IM doctors. While cost will continue be a major concern, companies involved in portable US systems are making cost more acceptable. The cost of point-of-care US can be made more acceptable with the introduction of handheld portable systems such as Lumify (Philips Healthcare; Andover, MA, USA), iViz (Fujifilm Sonosite; Bothell, WA, USA) and Vscan (GE Healthcare; Chicago, IL, USA). These new systems integrate data storage solutions and other image acquisition systems.
Costs are made more acceptable as these systems have functional limitability that may fit with the focused needs of POCUS for IM. These new systems with limited function will need to be evaluated and may be cost effective point-of-care US solutions for the future. Potentially, the high initial startup cost of a POCUS may be offset by future cost savings. Mitchell et al. concluded that patients in early shock evaluated with POCUS spent less time on inotropes, and showed trends toward fewer days on mechanical ventilation and time in the ICU. 31 There were potential savings of $20,000 from decreased morbidity from these results. Barsuk et al. also reported savings of $500 per US-guided paracentesis performed at the bedside, the majority of savings from reduction in post-procedure blood product transfusion. 32 While the initial startup cost in training and machine acquisition at this point in time is high, the development of more cost-effective systems and potential cost savings from POCUS may justify its implementation. Senior doctors were more concerned than junior doctors with regards to the availability of mentors, formal curriculum and credentialing. This reflects a need for formal training that leads to a credentialing process for the standardization of quality in POCUS. What is encouraging is that a lack of interest was not a significant barrier to training in point-of-care US, which is a consistent finding throughout the whole study. Overall, while significant barriers are still present in the implementation of a POCUS training program, this should not dissuade the development and practice of point-of-care bedside US. Overcoming these barriers will require identification and buy-in of institutional stakeholders in patient safety and will require involvement of traditional practitioners of bedside POCUS such as respiratory physicians, emergency physicians, intensivists and cardiologists.
Strengths and limitations
One of the strengths of this study is that this is the first of its kind attempting to evaluate the exposure, perceptions and interest levels of IM medical doctors regarding pointof-care bedside US in Singapore. In addition, the study had a high response rate and evaluated both junior and senior doctors in IM. Despite its strengths, the study has some limitations. First, this is a cross-sectional survey that is limited to a single institution of IM physicians. Second, the training level of the participants was not fully evaluated and the results may be biased toward medical doctors who were more enthusiastic about the practice of point-of-care bedside US. In addition, there were no data on the reason doctors did not respond to the survey although they constitute a low percentage of 17.9%. This may have led to a higher than expected interest level that was observed. Third, the composite of medical doctors in different IM departments may vary; hence, the results may not easily be generalizable to different institutions. Last, this survey is only a primary survey to gauge interest level; it is still difficult to evaluate if there will be a high uptake of an IM bedside US program if implemented.
Conclusions
There is a high level of exposure to clinical bedside US within the department, especially so if doctors had undergone a CC or emergency medicine posting. Surprisingly, despite a lack of a formal curriculum or training program, a high percentage of doctors have obtained bedside US education informally and have started to incorporate this knowledge and skills into daily practice. Both senior and junior doctors perceive bedside clinical US as very useful in the practice of IM both in terms of improving accuracy of diagnosis and improving performance and safety of bedside procedures via image guidance. There is an extremely high level of interest in bedside US training. The high level of informal exposure, positive perception and high level of interest in pursuing training in bedside US training is an opportunity that may be harnessed to develop an IM training program with an anticipated high amount of participation. Significant barriers are present in the development of a bedside US training curriculum. What is also challenging is ensuring acceptable standards in the practice of point-of-care bedside US. This pilot survey may serve as a basic needs assessment to a future implementation of a formal bedside point-of-care US training curriculum in IM. 
